**Research Highlights**

(1)High reappraisers (individuals who use reappraisal well in a behavioral experiment) were selected to test whether the reliability of the neural correlates of cognitive reappraisal increased with multiple training sessions using a functional MRI.(2)Cognitive reappraisal with high reappraisers was found to decrease the activation of emotion-responsive regions including the amygdala and insula, and activate a smaller area in the dorsal prefrontal cortex.
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INTRODUCTION {#sec1-1}
============

Reappraisal refers to the reframing or recontextualization of a negative stimulus in less emotional terms\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6]\]. Previous studies indicate that reappraisal depends upon interactions between prefrontal and cingulate regions associated with cognitive control and systems implicated in emotional responses\[[@ref7][@ref8][@ref9][@ref10][@ref11]\], such as the amygdala and insula. However, in previous studies, the time allotted for reappraisal training was typically short and individual differences in reappraisal were not controlled. These factors may complicate the examination of the reappraisal effect and reappraisal-related brain activation\[[@ref12]\]. For example, high reappraisers (individuals who use reappraisal well) reported less anger, less negative emotion, more positive emotion, greater cardiac output and less total peripheral resistance, compared to low reappraisers\[[@ref13]\]. Furthermore, they observed a positive relationship between reappraisal ability, reappraisal frequency, and wellbeing\[[@ref14]\].

Moreover, women exhibiting high reappraisal ability exhibited fewer depressive symptoms than those with low reappraisal ability during high levels of stress\[[@ref15]\]. Importantly, it was found that greater reappraisal use in daily life was associated with a smaller activated area in the dorsal lateral prefrontal cortex (PFC) compared to initial use in most reappraisal studies\[[@ref16]\]. Moreover, several other studies reported that individual differences in trait rumination and dispositional mindfulness are associated with reappraisal-related neural activity\[[@ref17][@ref18]\]. Cognitive reappraisal has received more attention than other modes of emotion regulation, at least partly, because current theorists propose that deficits in cognitive reappraisal characterize psychopathology\[[@ref19][@ref20]\]. Thus, a better understanding of cognitive reappraisal and its neural bases has implications for understanding emotion as well as the treatment of psychopathology.

We hypothesized that increasing reappraisal training and reducing individual differences would lead to a more reliable reappraisal effect and neural activity correlated with cognitive reappraisal. As such, to obtain a reliable reappraisal effect in the present study, we conducted two sessions of reappraisal training to guarantee effortless use of reappraisal strategies. Like past studies\[[@ref21][@ref22][@ref23]\], we first conducted a behavioral experiment to find participants exhibiting a reliable reappraisal effect, then examined them using functional MRI (fMRI), minimizing inter-individual variation.

RESULTS {#sec1-2}
=======

Quantitative analysis of subjects {#sec2-1}
---------------------------------

A total of 27 participants took part in the initial behavioral experiment, and high reappraisers were defined as people who used cognitive reappraisal strategy well in the reduction of unpleasantness rating scores. These high reappraisers (*n* = 14) were included in the fMRI experiment. One participant was excluded from the fMRI study due to an experimental error. A total of 13 participants were included in the final fMRI analyses.

Unpleasantness ratings in the behavioral and fMRI experiments {#sec2-2}
-------------------------------------------------------------

The behavioral experiment revealed a significant interaction effect \[*F*(1, 25) = 20.10, *P* \< 0.001\] between condition (control and reappraisal) and reappraiser type (high and low). Further paired *t*-tests revealed that unpleasantness ratings were significantly lower in the reappraisal condition compared to the control condition in the high-reappraiser group \[*t*(1, 13) = 8.20, *P* \< 0.001\], whereas low reappraisers did not exhibit this pattern. This finding indicates that a reappraisal effect was indeed induced in these participants. In the fMRI experiment, unpleasantness ratings were provided both before and after each block of images. A significant reappraisal effect was also found for unpleasantness associated with actually viewing the images \[*t*(12) = 6.33, *P* \< 0.001; [Figure 1](#F1){ref-type="fig"}\]. These results indicate an anxiety-relieving effect of reappraisal during the scanning experiment.

![Unpleasantness ratings in the control condition (passively viewing negative images) and reappraisal condition (reappraising the negative images in a less negative way).\
Ratings of unpleasantness were assessed using an 11-point scale: from 0 = no unpleasantness to 10 = unbearably unpleasant. ^a^*P* \< 0.001,*vs*. control (paired *t*-tests)](NRR-7-2542-g001){#F1}

Brain regions exhibiting attenuated activity in the reappraisal condition {#sec2-3}
-------------------------------------------------------------------------

A comparison of brain activity in the control and reappraisal conditions during unpleasant image viewing and neutral image viewing \[(CU--CN)--(RU--RN)\] revealed several clusters of significantly attenuated activity ([Figure 2](#F2){ref-type="fig"}) in the right amygdala, right insula and right cingulate.

![Activated regions during unpleasant image viewing and neutral image viewing were contrasted between the control and reappraisal conditions \[(CU--CN)--(RU--RN)\](functional MRI). Yellow indicates the activated clusters and the blue line intersection indicates the location of the maximum activation in the specific clusters.\
(A) Right amygdala (X = 30, Y = --1, Z = --15); (B) right insula (X = 48, Y = --34, Z = 18); (C) right cingulate (X = 3, Y = 2, Z = 39). X: Right hemisphere exhibited positive X values and left hemisphere exhibited negative X values; Y: the anterior region exhibited positive Y values and the posterior region exhibited negative Y values; Z: the superior region exhibited positive Y values and the inferior region exhibited negative Y values.](NRR-7-2542-g002){#F2}

Modulation network exhibiting increased activity in the reappraisal condition {#sec2-4}
-----------------------------------------------------------------------------

A contrast between the reappraisal and control conditions during the viewing of unpleasant images (RU--U) revealed significant activity in the left inferior frontal gyrus, right medial frontal gyrus and left orbital frontal gyrus ([Figure 3](#F3){ref-type="fig"}).

![Activated regions when contrasting the reappraisal and control conditions separately for the viewing of unpleasant images (functional MRI).\
Yellow indicates the activated clusters and the blue line intersection indicates the location of the maximum activation in the specific clusters. (A) RU--CU, left inferior frontal gyrus (X = --50, Y = 23, Z = --9); (B) RU--CU, right medial frontal gyrus (X = 12, Y = 42, Z = 26); (C) RU--CU, left orbital frontal gyrus (X = --9, Y = 49, Z = --15)](NRR-7-2542-g003){#F3}

DISCUSSION {#sec1-3}
==========

The present results support the findings of previous studies of cognitive reappraisal reporting that a significant reappraisal effect was associated with significantly decreased activity in the amygdala and increased activity in multiple prefrontal regions\[[@ref9][@ref10][@ref24][@ref25][@ref26][@ref27]\]. We found that cognitive reappraisal reduced activation of the amygdala in response to negative stimuli, and reduced the difference between negative and neutral stimuli in the reappraisal condition relative to the control group. This decreased amygdala activation is consistent with reports of therapeutic treatments, including anxiolytic placebo effects\[[@ref23][@ref28]\], antidepressants, and ataractics for major depression and panic disorder, respectively\[[@ref29][@ref30][@ref31][@ref32]\]. In addition, we found that reappraisal regulation was associated with increased activity in the left inferior frontal gyrus, left orbital frontal gyrus and right dorsal medial frontal gyrus. Previous reports have suggested that reappraisal is associated with activation in dorsal portions of the PFC that are involved in working memory and selective attention, ventral portions of the PFC that are implicated in language processing, dorsal portions of the anterior cingulate cortex that are implicated in monitoring control processes, and dorsal portions of the medial PFC that are implicated in reflection about the affective states of the self or other\[[@ref9][@ref16][@ref32][@ref33][@ref34][@ref35][@ref36]\]. The results of the present study were generally consistent with these findings.

Importantly, the present findings have important implications for revealing a stable mechanism of cognitive reappraisal. To control individual differences, we conducted reappraisal training twice, selecting high reappraisers as participants so that brain activation would be more reliable compared to studies in which participants completed only one reappraisal training session or differences in reappraisal use were not accounted for. Previous studies reported that individual differences in dispositional mindfulness may modulate activity in the neural systems involved in the effective cognitive reappraisal of negative emotion\[[@ref19]\]. Furthermore, individual differences in rumination are reported to be correlated with greater activity decreases in prefrontal regions implicated in self-focused thought, when participants decreased negative effect\[[@ref17]\]. These findings indicate the importance of controlling for the influence of differences in reappraisal use. In the current study, we found a smaller area of activation in the dorsal PFC compared to previous studies that did not control for individual differences and conducted reappraisal training only once. These findings indicate that high reappraisers with more training may require less effort to complete reappraisal. These results are consistent with a previous study reporting that reappraisal predicted decreased amygdala activation and increased activation in the dorsal lateral/medial PFC, orbital PFC, and parietal cortex compared to non-reappraisal, whereas attenuated activation was observed in the dorsal PFC in people exhibiting greater everyday reappraisal use compared to those exhibiting less everyday reappraisal use\[[@ref16]\]. Taken together with the current results, these findings indicate that more reliable, reappraisal-related brain structures are likely to be found among high reappraisers.

In conclusion, the current fMRI results revealed that cognitive reappraisal with high reappraisers significantly decreased the activation of emotion-responsive regions including the amygdala and insula, and activated a smaller area in the dorsal prefrontal cortex compared to that reported in previous studies. Overall, these findings indicate that high reappraisers with more training may require less effort to complete reappraisal.

SUBJECTS AND METHODS {#sec1-4}
====================

Design {#sec2-5}
------

Comparative observation of behaviors and imaging.

Time and setting {#sec2-6}
----------------

The fMRI experiment was conducted in an fMRI scanning room and the behavioral experiment was conducted in an ordinary room in the Institute of Biophysics, Chinese Academy of Science in September 2011.

Subjects {#sec2-7}
--------

We recruited volunteers through the University BBS network.

Inclusion criteria: (1) normal health; (2) right handed; (3) normal/corrected-to-normal vision; (4) no history of psychosis or neurosis; (5) no history of serious physical or emotional trauma; (6) provided written informed consent.

A total of 27 participants with an average age of 20.7 ± 1.1 years were included (23 females and four males).

Methods {#sec2-8}
-------

High reappraisers were selected using an initial behavioral experiment (first training) to identify participants exhibiting a significant reappraisal regulatory effect. These participants were then included in an fMRI experiment (second training). We compared the reappraisal condition with the nonreappraisal (control) condition using a within-group design to identify reappraisal-related brain areas.

### Emotional stimuli {#sec3-1}

Emotional images for both the behavioral and fMRI experiments were selected from the International Affective Picture System. In the behavioral experiment, only emotionally unpleasant images were used (mean ± SEM: valence and arousal were 2.62 ± 0.87 and 5.74 ± 0.42, respectively). In the fMRI experiment, both high-arousal unpleasant (arousal: 5.84 ± 0.10; valence: 2.60 ± 0.10) and low-arousal neutral (arousal: 3.67 ± 0.15; valence: 5.35 ± 0.11) images were used; these types of images differed significantly from each other in terms of both arousal \[*t* (59) = 10.588, *P* \< 0.001\] and valence \[*t* (59) = 62.910, *P* \< 0.001\].

### Behavioral experiment {#sec3-2}

Participants were instructed to use a cognitive reappraisal strategy by generating an interpretation of, or a story about, each image that would explain apparently negative events in a less negative way\[[@ref11]\]. Participants completed 10 practice trials to ensure that they were able to use their reappraisal strategies effectively. They were then presented with two blocks of unpleasant images, one passive-viewing block and one reappraising block. The arousal and valence values of the images were equivalent and the presenting order was counterbalanced between the two blocks. Each block contained four high-arousal unpleasant images. Each image was presented for 3 seconds, followed by a fixation cross ("+") for 3 seconds. Blocks were separated by a one-minute rest period, to avoid the potential confounding influence of emotional fatigue. Immediately after each block, participants reported unpleasantness ratings using an 11-point scale (from 0 = no unpleasantness to 10 = unbearably unpleasant)\[[@ref23]\].

### fMRI experiments {#sec3-3}

Fourteen participants exhibited greater reduction of reported unpleasantness in the reappraisal condition compared to the mean group reduction, and were invited to return for follow-up fMRI scanning. These participants were trained and completed another 10 practice trials. There were three runs of alternating reappraisal and control condition stimulus blocks. The runs began with a reappraisal condition block for half of the participants and with a control condition block for the other half. Each block consisted of 10 unpleasant and 10 neutral images. The arousal and valance values of the images were equivalent across all blocks. Participants were instructed to carefully view each image during its 3-second presentation period. Unpleasant and neutral images were pseudo-randomly intermixed, and images from the same category were presented no more than three times in a row in order to avoid habituation effects. After each block, participants reported unpleasantness ratings on an 11-point scale.

The fMRI imaging was performed with a 3.0 Tesla MR scanner (Siemens, Magnetom Trio, Germany), using the standard radio frequency headcoil. Each participant\'s head was fixed with foam pads throughout the experiment to minimize head movement. Thirty-two transversal slices of functional images that covered the whole brain were acquired with a T2\*-weighted echo-planar imaging sequence based on blood oxygenation level-dependent contrast (repetition time = 2 000 ms; echo time = 30 ms; image matrix = 64 × 64; slice thickness = 4 mm; gap = 0.4 mm; field of view = 200 × 200 mm^2^; flip angle = 90°). For each participant, a high-resolution anatomical scan was acquired at the end of the experiment with a T1-weighted 3D magnetization-prepared rapid gradient-echo pulse sequence (repetition time = 2 530 ms, echo time = 3.37 ms, flip angle = 7°, field of view = 256 × 256 mm^2^, voxel size = 1 × 1 × 1.33 mm^3^, 144 contiguous 1.33-mm thick sagittal slices, slice matrix size = 256 × 256).

The preprocessing and statistical analysis of images was performed using SPM5 software (<http://www.fil.ion.ucl.ac.uk/spm>). The first four functional echo-planar imaging volumes were discarded to allow for T1 equilibration. Preprocessing of the remaining functional echo-planar imaging images included slice correction, motion correction, and normalization. Functional images were transformed into a standard anatomical space (3 × 3 × 3 mm^3^ isotropic vexes) based on the Montreal Neurological Institute template. Functional images were spatially smoothed using a Gaussian filter with 8-mm full width half maximum. The data were statistically analyzed using the general linear model and statistical parametric mapping.

To assess the neural activity corresponding to the processing of the two different types of images under each of the experimental conditions, four separate regressors were created (CU, viewing unpleasant images in the control condition; CN, viewing neutral images in the control condition; RU, viewing unpleasant images in the reappraisal condition; RN, viewing neutral images in the reappraisal condition). These conditions were time-locked to the onset of image presentation and convolved with a canonical hemodynamic function. In addition, motion realignment parameters were modeled to account for variability related to head movements. A high-pass filter with a cut-off frequency of 1/128 Hz was used to correct for low-frequency components, and serial correlations were accounted for with an autoregressive AR (1) model.

The relevant parameter contrasts generated on an individual level were submitted to a group analysis using a random effects model. A 2 × 2 full factorial analysis of variance was conducted with data from all participants, with experimental condition (reappraisal *vs.* control) and emotional image type (unpleasant *vs.* neutral) as factors. Whole brain search results from the random effects analysis with a threshold at *P* \< 0.001 (uncorrected) are reported here. The MNI coordinates were converted into Talairach coordinates.

### Statistical analysis {#sec3-4}

Unpleasantness ratings were analyzed with repeated measures analysis of variance and paired *t*-tests using SPSS version 10.0 (SPSS Corporation, Chicago, IL, USA).
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